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Experimental Device for Learning of Logical Circuit Design using Integrated Circuits 
Takaaki Ishibashi㧖 
 
Abstract: This paper presents an experimental device for learning of logical circuit design using integrated circuits and 
breadboards. The experimental device can be made at a low cost and can be used for many subjects such as logical circuits, 
computer engineering, basic electricity, electrical circuits and electronic circuits. The proposed device is effective to learn the 
logical circuits than the usual lecture. 
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 㧕ᤘቁᯅ⍹㧔⊒㐿ߩ᧚ᢎ㛎ታ〝࿁ℂ⺰
 ⵾૞ߩ᧚ᢎ㛎ታ〝࿁ℂ⺰ .㧟
 Ḯ㔚 1.3
ࡠ㧚ࠆߔߣᳰ㔚ੇߪḮ㔚㧘ߡߒᘦ⠨ࠍߐଢ◲ߩ૞Ꮏሶ㔚 
V6㨪2 ߪ࿐▸࿶㔚૞േߩCI㧘ࠄ߆࠻࡯ࠪ࠲࡯࠺ߩCI ࠢ࠶ࠫ
ࠄߥ߫ࠇߌߥߒቯ᳿ߢౝ࿐▸ߩߘ㧘߼ߚࠆ޿ߡࠇߐタ⸥ߣ
㧚ࠆ߃⠨ࠍߣߎࠆߖߐἮὐࠍDEL ߩ〝࿁ജ಴㧘ߚ߹㧚޿ߥ
㧘ࠄ߆ߣߎࠆ޽ߢ V2 ⚂߇࿶㔚ะᣇ㗅ߩ DEL ࠆߔ↪૶࿁੹
ࡄߩ5.3㧘ߚ߹㧚޿ߥࠄߥ߫ࠇߌߥߒߦ࿶㔚޿㜞߽ࠅࠃࠇߘ
ߢߎߘ㧚޿ߚߒ↪೑ࠍḮ㔚ߓห߽࿶㔚Ḯ㔚ߩ〝࿁↢⊒ࠬ࡞
ࠄ߆V5.1㧘ߣࠆߔ⹺⏕ࠍ࠻࡯ࠪ࠲࡯࠺ߩCI ࡑࠗ࠲ࠆߔ↪೑
ߎߩ਄એ㧚ࠆ޿ߡࠇߐタ⸥ߣ V51 ߪᩰቯᄢᦨኻ⛘㧘ߒ૞േ
 㧚ࠆߔቯ᳿ߦV0.3 ߩᧄ2 ᳰ㔚ੇߪḮ㔚㧘ࠄ߆ߣ
 〝࿁ജ౉ 2.3
࠶ࠗࠬࡦ࠲ࡏߒ᛼㧔࠴࠶ࠗࠬ࠻ࠢ࠲ߪജ౉ߩ߳〝࿁ℂ⺰ 
ࠍ࠴࠶ࠗࠬ㧘ߪ࠴࠶ࠗࠬ࠻ࠢ࠲㧚ࠆߔߦߣߎࠆ޿↪ࠍ㧕࠴
࠲㧚ࠆߥߦFFO ࠇߐᢿㆤߣߔ㔌㧘ࠅߥߦNO ߒㅢዉߣߔ᛼
ߌߥߌ⛯ߒ᛼ߕᔅߪ߈ߣࠆߔᜬ⛽ࠍ NO ߪߢ࠴࠶ࠗࠬ࠻ࠢ
↪ࠍ࠴࠶ࠗࠬ࡞ࠣ࠻㧘߼ߚࠆ޽߇࠻࠶࡝ࡔ࠺޿ߥߌ޿߫ࠇ
ࠢ࠶ࠫࡠ㧘ว႐ࠆ޿↪ࠍ࠴࠶ࠗࠬߥ߁ࠃߩߎ㧚޿ࠃ߽ߡ޿
޽ߢⷐ㊀߇ߣߎ޿ߥߒߦࡦࡊ࡯ࠝࠍሶ┵ജ౉ߩ↪૶ᧂߩ CI
㧘߇ࠆߔ૞േߡߒߣhgiHߪሶ┵ߩ↪૶ᧂ߫ࠇ޽ߢCI LTT㧚ࠆ
૶ᧂ㧘ว႐ߩCI SOM-C㧘ߚ߹㧚߁߹ߒߡߞߥߊᒙߦ࠭ࠗࡁ
㧚߁߹ߒߡߞߥߣቯ቟ਇߕࠄ߹᳿߇߆woL ߆hgiH ߪሶ┵↪
ߒߦࡦࡊ࡯߽ࠝሶ┵ജ౉ߩሶ⚛↪૶ᧂߩౝCI ߓห㧘ߦࠄߐ
⸘⸳〝࿁ߩߌߛภ⸥ LIM ߩ਄᧍㧘߼ߚߩߘ㧚޿ߥࠄߥߪߡ
 㧚ࠆ޽ߢⷐᔅ߇ℂಣߩሶ┵ߩ↪૶ᧂ޿㔍ߒ⼂ᗧߪߢ
߽ࡊ࠶ࠕ࡞ࡊ㧘ߪߦ߼ߚ޿ߥߒߦࡦࡊ࡯ࠝࠍሶ┵↪૶ᧂ 
ߣߎࠆߔ⛯ធߦḮ㔚ߪࡊ࠶ࠕ࡞ࡊ㧚ࠆߔࡦ࠙࠳࡞ࡊߪߊߒ
࠲㧚ࠆ޽ߢߣߎࠆߔ⛯ធߦ࠼ࡦ࡜ࠣߪࡦ࠙࠳࡞ࡊ㧘ࠅ޽ߢ
㧘ߪߦ߼ߚࠆ߃ᦧࠅಾࠍwoL ߣhgiH ߡ޿↪ࠍ࠴࠶ࠗࠬ࠻ࠢ
ߢ 71 ߣ 61 ࿑㧚ࠆߥߦߣߎࠆߔ⵾૞ࠍ〝࿁ߩ 71 ࿑߿ 61 ࿑
࿑㧚ࠆ޿ߡߒタ⸥߽ሶ⚛ TON㧘߼ߚߩ᣿⺑ߩ࡞ࡌ࡟ജ౉ߪ
࡜ࠣߪജ౉ߩ TON ߈ߣߩ FFO ߇࠴࠶ࠗࠬ࠻ࠢ࠲㧘ߪߢ 61
߇࠴࠶ࠗࠬ࠻ࠢ࠲㧚ࠆߥߦ woL ߼ߚࠆ޿ߡࠇߐ⛯ធ߇࠼ࡦ
㧚ࠆࠇߐജ౉߇ hgiH ߡߓ↢߇ਅ㒠࿶㔚ߢ᛫ᛶߣࠆߥߦ NO
ജ౉߇woL ߈ߣߩNO ߇࠴࠶ࠗࠬ࠻ࠢ࠲㧘ߪߢ71 ࿑㧘ᣇ৻
࿑ߪ࿁੹㧚ࠆߥߦߣߎࠆࠇߐജ౉߇hgiH ߈ߣߩFFO㧘ࠇߐ
ߪ᛫ᛶࡦ࠙࠳࡞ࡊߩ߈ߣߩߎ㧚ࠆߔ↪ណࠍࡦ࠙࠳࡞ࡊߩ 61
 㧚ߚߒߣ:k01
 
                
 ࡊ࠶ࠕ࡞ࡊ 71 ࿑  ࡦ࠙࠳࡞ࡊ 61 ࿑
 
 〝࿁ജ಴ 3.3
㧚ࠆ޿↪ࠍDEL ߪߢ᧚ᢎᧄ㧘ߦ߼ߚࠆߔ⹺⏕ࠍ૞േ〝࿁ 
ࠆ޽ߢhgiH ߇ജ಴㧘ߡߞࠃߦἮᶖ߿ἮὐߩDEL㧘ߜࠊߥߔ
㧘ߪߦ߼ߚࠆߖߐἮὐࠍDEL㧚ࠆߔᢿ್ࠍ߆ࠆ޽ߢwoL ߆
ߣḮ㔚㧘ߪߢ〝࿁ߩ㓙ታ㧚޿ࠃ߫ߖᵹߦDEL ࠍᵹ㔚ߥಾㆡ
ࠍ୯ᵹ㔚ߡߞࠃߦ୯ߩ᛫ᛶߩߘ㧘ߒ⛯ធ೉⋥ࠍ᛫ᛶߣ DEL
㒢೙ᵹ㔚ߪ᛫ᛶߩ߈ߣߩߎ㧘߼ߚߩߘ㧚ࠆߥߦߣߎࠆ߼᳿
 㧚ࠆ޿ߡࠇ߫๭ߣ᛫ᛶ
ߦDEL㧘ߡߒᘦ⠨ࠍߣߎࠆ޽ߢV0.2 ߇࿶㔚ะᣇ㗅ߩDEL 
ߣߕ⥄ߪ୯᛫ᛶߩ᛫ᛶ㒢೙ᵹ㔚㧘߫ࠇ߼᳿ࠍ୯ߩᵹ㔚ߔᵹ
ᄢᦨኻ⛘ߩDEL ߩ࿁੹㧘ࠄ߆࠻࡯ࠪ࠲࡯࠺ߩDEL㧚ࠆ߹᳞
㧘ߢߩࠆ޿ߡࠇߐタ⸥ߣAm03 ߪᵹ㔚ะᣇ㗅㧘ߣࠆ⷗ࠍᩰቯ
㔚ߪߢAm2㧚ࠆߔߣAm2 ࠆ޽ߢ୯ᵹ㔚ࠆ࿁ਅߦಽචࠍࠇߘ
ߎߣߚߺߡߖߐἮὐߦ㓙ታ㧘߇ࠆ߃ᕁ߽ߦ߁ࠃ޿ߥዋ߇ᵹ
ߩCI ࠢ࠶ࠫࡠߪ୯ߩߎ㧘ߚ߹㧚ߚߞ޽ߢߐࠆ᣿ߥಽච㧘ࠈ
㔚㧘ࠄ߆ߣߎߩ਄એ㧚ࠆ޿ߡߞ࿁ਅߦಽච߽ᩰቯᄢᦨኻ⛘
ߢೣᴺߩࡓ࡯ࠝߦ߁ࠃߩ:005=Am2/)V2㧙V3(ߪ᛫ᛶ㒢೙ᵹ
ߩࠆ޿ߡࠇࠄ߼᳿߇୯᛫ᛶߢ೉♽ E ߪ᛫ᛶߩ⽼Ꮢ㧚ࠆ߼᳞
 㧚ߚߒߣ:074 ߪ࿁੹㧘ߢ
⽶ߩ 91 ࿑߆ℂ⺰ᱜߩ 81 ࿑㧘ߪߦ߼ߚߩ⹺⏕૞േߩሶ⚛ 
ߣߩhgiH ߇ജ಴ߩTON ߪߢ81 ࿑㧚ࠆߔ⛯ធߦ߁ࠃߩℂ⺰
TON ߪߢ91 ࿑㧘ߦㅒ㧚ࠆߔἮᶖߦ߈ߣߩwoL㧘ߒἮὐߦ߈
੹㧚ࠆߔἮὐߦ߈ߣߩwoL㧘ߒἮᶖߦ߈ߣߩhgiH ߇ജ಴ߩ
 㧚ࠆߔ↪೑ࠍℂ⺰ᱜߪ࿁
 
             
 ℂ⺰⽶ 91 ࿑       ℂ⺰ᱜ 81 ࿑
 
DEL ࠻ࡦࡔࠣ࠮ 7 ࠆ߈ߢ↪೑ߢߤߥ࠲ࡦ࠙ࠞߩ〝࿁ᐨ㗅 
ߩߎ㧚ࠆ޿ߡߞߥߦㅧ᭴ㇱౝߣ⟎㈩ߩሶ┵ߥ߁ࠃߩ02 ࿑ߪ
޽ߢⷐᔅ߇⹺⏕ߢߩࠆߥ⇣ߡߞࠃߦ⇟ဳߪߡᒰࠅഀߩሶ┵
DEL ߩࡦࡕࠦ࠼࡯࠰ࠞߣDEL ߩࡦࡕࠦ࠼࡯ࡁࠕ㧘ߚ߹㧚ࠆ
㧘ߦ߁ࠃߩ 12 ࿑㧚޿ߥࠄߥ߫ࠇߌߥߒᗧᵈ㧘߼ߚࠆ޽߇
ᵹ㔚㧘ߒ⛯ធࠍ᛫ᛶ㒢೙ᵹ㔚ߦജ಴ߩ࠳࡯ࠦ࠺ࠣ࠮7otDCB
ߩDEL ࠻ࡦࡔࠣ࠮7㧘ߚ߹㧚ࠆߔ⛯ធࠍDEL ฦߣ᛫ᛶ㒢೙
ࠇߔߦ߁ࠃߩߎ㧚ࠆߔ⛯ធߦ࠼ࡦ࡜ࠣࠍሶ┵⇟8 ߪߚ߹⇟3
㧘ࠅߥߦ⢻น߇ߣߎࠆ⷗ߡߒߣሼᢙࠍജ಴ߩ╬࠲ࡦ࠙ࠞ㧘߫
࠳࡯ࠦ࠺ࠣ࠮7otDCB㧘߅ߥ㧚ࠆߥߦᤃኈ߇⹺⏕ߩ૞േ〝࿁
 㧚ࠆ޿ߡߒ⇛⋭ߪ〝࿁ߩ╬ജ౉߿Ḯ㔚ߩ
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 DEL ࠻ࡦࡔࠣ࠮7 ߣ࠳࡯ࠦ࠺ࠣ࠮7otDCB 12 ࿑
 
 〝࿁ℂ⺰ 4.3
DNAN㧘ߦ߁ࠃߔ␜ߦ 22 ࿑㧘ߡߒߣ✢㈩ߩ CI ࠢ࠶ࠫࡠ 
ࠆ޽ߢⷐᔅ߇࠼ࡦ࡜ࠣߣḮ㔚ߪߦCI ฦ㧚ࠆߍ᜼ߦ଀ࠍሶ⚛
㧘ߚ߹㧚ࠆߔ✢㈩ߦ࠼ࡦ࡜ࠣࠍ DNG㧘ߦḮ㔚ࠍ ccV㧘߼ߚ
CI㧘ࠍࠨࡦ࠺ࡦࠦࠬࡄࠗࡃߩ߼ߚࠆߔᷫૐࠍ࠭ࠗࡁߩḮ㔚
ߪࠨࡦ࠺ࡦࠦࠬࡄࠗࡃߩ᧚ᢎᧄ㧚ࠆߔ⛯ធߦߊㄭߋߔߩ
 㧚ࠆ޿↪ࠍࠨࡦ࠺ࡦࠦࠢ࠶ࡒ࡜࠮ጀⓍߩFP1.0
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 ✢㈩ߩCI ࠢ࠶ࠫࡠ 22 ࿑
 
౉ߩߡో㧘߼ߚ޿ߥߒߦࡦࡊ࡯ࠝࠍሶ┵ജ౉㧘ࠅㅢߩ2.3 
࿁ജ಴౉ߩ3.3 ߿2.3㧘ߪߢ㛎ታ㧚ࠆߔࡦ࠙࠳࡞ࡊࠍሶ┵ജ
 㧚ࠆߔ⛯ធߡ޿↪ࠍࡗࠗࡢࡄࡦࡖࠫߦ߁ࠃߩ32 ࿑ࠍ〝
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 ജ಴౉ߩCI ࠢ࠶ࠫࡠ 32 ࿑
 
 〝࿁↢⊒ࠬ࡞ࡄ 5.3
㧚ࠆߥߦⷐᔅ߇ࠬ࡞ࡄࠢ࠶ࡠࠢߪߦ⹺⏕૞േߩ〝࿁ᐨ㗅 
ࡖ࠴㧘ߣࠆߔജ౉ࠍࠢ࠶ࡠࠢߢ FFO/NO ߩ࠴࠶ࠗࠬ࠻ࠢ࠲
࡞ࡄߡ޿↪ࠍ555CML㧘ߢߎߘ㧚߁߹ߒߡߒ↢⊒߇ࠣࡦ࡝࠲
࠺ߩ 555CML ߪ〝࿁ࠆߔᚑ૞࿁੹㧚ࠆߔᚑ૞ࠍ〝࿁↢⊒ࠬ
࡮࡞ࠢࠗࠨ࡮ࠖ࠹࡯ࡘ࠺㧑05 ࠆ޿ߡࠇߐタ⸥ߦ࠻࡯ࠪ࠲࡯
㧘߈ߣߩߎ㧚ߔ␜ߦ42 ࿑ࠍ࿑〝࿁ߩߘ㧘ࠅ޽ߢ࠲࡯࡟ࠪࠝ
ⷞࠍᢙᵄ๟ᝄ⊒㧘ߣߣߎࠆߔߦᄌนࠍᢙᵄ๟ᝄ⊒ߩࠬ࡞ࡄ
ࠍࠬ࡞ࡄ㧘ߚ߹㧚ࠆߔ⵾૞ߡߒ⼂ᗧࠍߣߎࠆ߈ߢ⼂⹺ߢⷡ
 㧚ࠆߔߦ߁ࠃࠆ߈ߢࠅߚߖߐᱛ஗ࠅߚߖߐᝄ⊒ߢᗧછ
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 555CML 42 ࿑
 
zH1 ߪᢙᵄ๟ࠆ߈ߢ⼂⹺ⷡⷞ㧚ࠆ߼᳿ࠍᢙᵄ๟ᝄ⊒㧘ߕ߹ 
㧘ߪ୯ߩሶ⚛ߩ߼ߚࠆߔߦᢙᵄ๟ᝄ⊒ߩߘ㧚ࠆ߃⠨ߣᐲ⒟
ߎߎ㧚ࠆߔ▚⸘ߡ޿ߠၮߦᑼߩᢙᵄ๟ᝄ⊒ߩ࠻࡯ࠪ࠲࡯࠺
นߩ:k001㧘᛫ᛶቯ࿕ߩ:k1㧘ࠨࡦ࠺ࡦࠦ⸃㔚ߩFP22㧘ߪߢ
ᄌߦᗧછࠍᢙᵄ๟ᝄ⊒ߢ୯ߩ᛫ᛶᄌน㧘ߡߒ⛯ធࠍ᛫ᛶᄌ
 㧚ࠆߔߦ߁ࠃࠆ߈ߢൻ
࠮࡝ߩࡦࡇ⇟4㧚ࠆߔടઃࠍ〝࿁ࠆߖߐᱛ஗ࠍᝄ⊒㧘ߦᰴ 
ࠇࠊട߇V0㧘ߒᆎ㐿ࠍᝄ⊒߫ࠇࠊട߇࿶㔚Ḯ㔚ߦሶ┵࠻࠶
㧚ࠆ޿ߡࠇߐタ⸥ߦ࠻࡯ࠪ࠲࡯࠺߇ߣߎࠆߔᱛ஗ࠍᝄ⊒߫
ߪ୯ሶ⚛ߩઁ㧚ࠆߔ↪೑߽ߢߎߎࠍ〝࿁ജ౉ߩ2.3㧘ߢߎߘ
✢㈩ߦ߁ࠃߩ42 ࿑㧚ࠆߔ↪೑߹߹ߩߘࠍ୯ߩ࠻࡯ࠪ࠲࡯࠺
TUPTUO㧘ߌߛߦ߈ߣߚߒߦNO ࠍ࠴࠶ࠗࠬ࠻ࠢ࠲㧘߫ࠇߔ
 㧚ࠆߔᚑቢ߇〝࿁ࠆߔജ಴ࠍࠬ࡞ࡄࠄ߆
 㧚ߔ␜ߦ52 ࿑ࠍ〝࿁ℂ⺰ߚࠇߐ⵾૞ߡߒߦ߁ࠃߩ਄એ 
 
 
 ᧚ᢎ㛎ታ〝࿁ℂ⺰ 52 ࿑
 
 ᨐല⠌ቇߩ᧚ᢎ㛎ታ〝࿁ℂ⺰ .㧠
 セᲧߩߣ㛎ታ↢ቇߩሽᣢ 1.4
ࠇߐ⬿ౝߦ࡯࠽࡯࡟࠻ࠢ࠶ࠫࡠߩሽᣢߣ᧚ᢎᧄߚߒ⵾૞ 
ߢ࡯࠽࡯࡟࠻ࠢ࠶ࠫࡠ㧚ߔ␜ߦ41 ⴫ࠍセᲧߩᢙሶ⚛ࠆ޿ߡ
ቢߩ〝࿁ℂ⺰㧘ߪࠇߎ㧚ࠆ߆ಽ߇ߣߎ޿ᄙ߇ሶ⚛DNAN ߪ
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 㧕ᤘቁᯅ⍹㧔⊒㐿ߩ᧚ᢎ㛎ታ〝࿁ℂ⺰
࡯ࠦ࠺ߪ᧚ᢎᧄ㧘ᣇ৻㧚ࠆ߃⠨ߣࠆ޽ߢ߼ߚߩ⠌ቇߩ♽ో
࠴࡞ࡑ࠺ࠄ߆࠳࡯ࠦ࠺㧚ࠆ޿ߡߞᜬࠍࠨࠢ࡟ࡊ࠴࡞ࡑߣ࠳
ࠍ࠳࡯ࠦࡦࠛࠄ߆ࠨࠢ࡟ࡊ࠴࡞ࡑ㧘ߣߣߎࠆ૞ࠍࠨࠢ࡟ࡊ
ߩ〝࿁↪ᔕߚߒ↪೑ࠍࠄࠇߘ㧘ߢߩࠆ޽ߢන◲ߪߣߎࠆ૞
ߩ1 ࿑ߢቇᎿᯏ▚⸘ߩ↢ᐕ2㧘ߪߢ㒠એ㧚ࠆ޽ߢ⢻น߽⵾૞
Ԟࠄ߆Ԙߩ⸥ਅࠆ޿ߡߒᣉታߡ޿↪ࠍ࡯࠽࡯࡟࠻ࠢ࠶ࠫࡠ
߹߹ߩߘߦ߈ߣߚ޿↪ࠍ᧚ᢎᧄ㧘ߡ޿ߟߦ㛎ታߩ⋡㗄 7 ߩ
 㧚ࠆߔ๔ႎߡ޿ߟߦ߆߁ߤ߆ࠆ޽ߢ⢻นᣉታ
 
ᢙሶ⚛ߩ〝࿁ℂ⺰  ⴫
࡯࠽࡯࡟࠻ࠢ࠶ࠫࡠ ᧚ᢎᧄ ሶ⚛〝࿁ℂ⺰
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㧚޿ߥ㗴໧ߪ⹺⏕૞േߩሶ⚛〝࿁ℂ⺰㧦♽ోቢߣ⹺⏕૞േԘ
ోቢ㧘ࠄ߇ߥߒ߆ߒ㧚ࠆ߈ߢ⸽ᬌ߽ℂቯߩࡦࠟ࡞ࡕ࡮࠼
 㧚ࠆ޽ߢ㔍࿎߇ᣉታߢߩ޿ߥዋ߇RON ߣDNAN ߪ♽
ᢙሶ⚛ߪߦ߈ߣ޿߈ᄢ߇ᮨⷙߩ〝࿁ߩ೨ൻන◲㧦ൻන◲ԙ
ᔅ߇ᄦᎿ㧘ࠅ޽߇ߣߎ޿ߥ߈ߢᣉታ߼ߚࠆ޿ߡࠇࠄ㒢߇
 㧚ࠆ޽ߢ⢻น⵾૞ߪ〝࿁ߩᓟൻන◲㧘ᣇ৻㧚ࠆ޽ߢⷐ
㧚ࠆ߈ߢ߇ߣߎࠆ૞ེ߽▚ടోེ߽▚ടඨ㧦ེ▚ടߩᩴ3Ԛ
2 ࠆ޿ߡߒᣉታ࿷⃻㧘߼ߚ޿ᄙ߇ROX ߪߦ᧚ᢎᧄ㧘ߚ߹
 㧚ࠆ߈ߢᚑ૞ߦන◲ߪེ▚ടߩᩴ3 ߿ᩴ
߹セᲧߩᩴ 2 ߪེセᲧ㧦࠳࡯ࠦ࠺࡮࠳࡯ࠦࡦࠛ࡮ེセᲧԛ
ࠊวߺ⚵ߩሶ⚛ℂ⺰㧘ߪ࠳࡯ࠦࡦࠛ㧚ࠆ޽ߢ⢻นᣉታߢ
㧚ࠆ߈ߢᣉታ߽ߢ〝࿁ߩࠄ߆ࠨࠢ࡟ࡊ࠴࡞ࡑ߽ߢ〝࿁ߖ
࠳࡯ࠦ࠺㧘ߚ߹㧚޿ߥ㗴໧ߪ࠳࡯ࠦ࠺ߩ tib2 ߪ࠳࡯ࠦ࠺
 㧚ࠆ߈ߢᣉታ߽㛎ታߚ޿↪ࠍCI
ߡ޿↪ࠍሶ⚛ RON ߿ሶ⚛ DNAN㧦ࡊ࠶ࡠࡈࡊ࠶࡝ࡈԜ
߿ߣߎࠆ૞ࠍFF-T ߡߒ↪೑ࠍFF-D㧘߽ߣߎࠆ૞ࠍFF-RS
 㧚ࠆ߈ߢ߽ߣߎࠆ૞ࠍFF-T ߡߒ↪೑ࠍFF-KJ
ࠍ⸽ᬌߩ૞േߢ〝࿁ᐨ㗅ߥන◲㧦⸘⸳ߩ〝࿁ᐨ㗅ߥන◲ԝ
 㧚ࠆ߈ߢᣉታߢ᧚ᢎᧄ㧘߼ߚࠆ޿ߡߒ
ࠬࠫ࡟ߩtib4 ߚ޿↪ࠍFF㧦࠲ࡦ࠙ࠞtib4 ߣ࠲ࠬࠫ࡟tib4Ԟ
߿CI ࠲ࡦ࠙ࠞ㧘ߦࠄߐ㧚ࠆ߈ߢ૞⵾ࠍ࠲ࡦ࠙ࠞtib4ޔ࠲
 㧚ࠆ߈ߢᣉታ߽㛎ታߚߒ↪೑ࠍDEL ࠻ࡦࡔࠣ࠮7
 ᓽ․ߩ᧚ᢎᧄ 2.4
ߡߒ✢㈩ࠍሶ⚛ߩߤߥCI ߢ਄࠼࡯ࡏ࠼࠶࡟ࡉ㧘ߪ᧚ᢎᧄ 
〝࿁ℂ⺰ߢ〝࿁㛎ታߚߒᚑ૞㧘ߣߣߎࠆߔ⵾૞ࠍ〝࿁㛎ታ
࡯ࠪ࠲࡯࠺㧘ࠅ޽ߢᓽ․ߥ߈ᄢ߇ߣߎࠆ߈ߢᣉታࠍ㛎ታߩ
߈ߢ߇ߣߎࠆߔ⼂ᗧࠍりਛߩ CI㧘ࠅ߹ᆎࠄ߆ߣߎࠆ⷗ࠍ࠻
೙ᵹ㔚ߩDEL㧘ࠨࡦ࠺ࡦࠦࠬࡄࠗࡃ߿Ḯ㔚ߩCI㧘ߚ߹㧚ࠆ
࠻ࡦࡔࠣ࠮7㧘ࡦ࠙࠳࡞ࡊ߿ࡊ࠶ࠕ࡞ࡊߩሶ┵ജ౉㧘᛫ᛶ㒢
 㧚ࠆ߈ߢᓧ⠌߽ߡ޿ߟߦ޿ᛒࠅขߩDEL
ౝߩߘ㧘߼ߚ߻฽ߊᄙࠍኈౝߩᄖએᦠ⑼ᢎ㧘ߢᣇ৻ߩߘ 
㧘ߚ߹㧚޿ߥࠄߥ߫ࠇߌߥߒ଻⏕ࠍ㑆ᤨߩ߼ߚߩ⺑⸃ߩኈ
ࠪ࠲࡯࠺㧘߇ࠆߥߦߣߎ߻⺒ࠍ࠻࡯ࠪ࠲࡯࠺ߦ߼ߚߩ⵾૞
ℂࠍ⺆↪㐷ኾ㧘ߪߦ߼ߚ߁ࠄ߽ߡߒ⸃ℂࠍኈౝタ⸥ߩ࠻࡯
 㧚ࠆߥߦⷐᔅ߽ߣߎࠆߔ⸃
 ᨐലߩ᧚ᢎᧄ 3.4
߅ߦቇᎿᯏ▚⸘ߩᰴᐕ2㧘ߪ↢ቇߚߒ↪೑ࠍ᧚ᢎᧄߦ㓙ታ 
ߣߎࠆ૞ࠍߤߥེセᲧ߿ࡑࠗ࠲ߚ޿↪ࠍCI ࠢ࠶ࠫࡠ㧘ߡ޿
ߩ㛎ታቇᎿାㅢႎᖱߩᰴᐕ3㧘ߚ߹㧚ߚߞߥߦ߁ࠃࠆ߈ߢ߇
㧘ߡ޿߅ߦ㧕gninraeL desaB melborP :LBP㧔ᬺ᝼ဳ᳿⸃㗴໧
૞⥄ࠍߤߥࡓ࡯ࠥ߈ߚߚࠄߋ߽ߚ޿↪ࠍ࠲ࡦ࠙ࠞ߿ࡑࠗ࠲
޿߅ߦ㛎ታㅧഃߩ㛎ታቇᎿାㅢႎᖱߩᰴᐕ4㧘ߦࠄߐ㧚ߚߒ
ࠍ࠲ࡦ࠙ࠞ㧘ࡓ࡯ࠥ߁߷ࠄ޿ࠄ޿㧘ାㅢ㊀ᄙࠆࠃߦశ㧘ߡ
㧚ߚߒ૞⥄ߡߒ↪೑ࠍCI ࠢ࠶ࠫࡠ㧘ࠍߤߥ〝࿁↪ᔕߚ޿↪
ᐕ଀ߪߣߎߚߒᚑቢ߇ຠ૞ߚ޿↪ࠍCI ࠢ࠶ࠫࡠߥ߁ࠃߩߎ
ߚࠆߌઃߦりࠍജ⢻⸘⸳〝࿁ℂ⺰ߩ↢ቇߪ᧚ᢎᧄ㧘ߊߥߦ
 㧚ࠆࠇࠄ߃⠨ߣࠆ޽߇ᨐലߡߒߣ᧚ᢎߩ߼
 
 ߈߇ߣ޽ .㧡
ᚑ㙃ߩ⠪ⴚᛛࠆ߈ߢ⸘⸳ࠍ〝࿁ℂ⺰ࠄ߆ CI㧘ߪߢᢥ⺰ᧄ 
ᢎ㛎ታࠆࠃߦ࠼࡯ࡏ࠼࠶࡟ࡉ߿CI ࠢ࠶ࠫࡠ㧘ߡߒߣ⊛⋡ࠍ
ขᧄ㧚ߚߒ੺⚫ߡ޿ߟߦᨐലߩߘߣߺ⚵ࠅขࠆߔ⵾૞ࠍ᧚
ᢎ㧘ߊߥߢߌߛࠆߔ↪೑ߦ㛎ታࠍ᧚ᢎߚߒᚑ૞㧘ߪߺ⚵ࠅ
ઃߦりࠍ⼂⍮ߥⷐᔅߦ⸘⸳〝࿁ℂ⺰߽ߦ߈ߣࠆߔ⵾૞ࠍ᧚
ࠪ࠲࡯࠺ߩDEL ߿CI㧘ߚ߹㧚ߟᜬࠍᓽ․ࠆ߈ߢ߇ߣߎࠆߌ
⢒ࠍ⠪ⴚᛛߚߌઃߦりࠍജᚢහ㧘ࠅ޽߇ળᯏࠆࠇ⸅ߦ࠻࡯
ߪ᧚ᢎᧄ㧘ߦࠄߐ㧚ࠆࠇࠄ߃⠨ߣࠆ޽ߢ⢻น߇ߣߎࠆߔᚑ
⥄ࠍ᧚ᢎ㧘ࠅ޽ߢဳዊߡߒኻߦ࡯࠽࡯࡟࠻ࠢ࠶ࠫࡠߩሽᣢ
 㧚ࠆ߈ߢᓙᦼ߽⠌ቇਥ⥄ߩߢቛ⥄߿ቶᢎ㧘߼ߚࠆ߈ߢℂ▤Ꮖ
޽ߢ᧚ᢎߩ⸘⸳〝࿁ℂ⺰ࠆ߈ߢ᦭ᚲ߇↢ቇߪ᧚ᢎ㛎ታᧄ 
ߩ㓙ታ㧘ߪᓟ੹㧚ߚߒߦ߁ࠃࠆߥߣଔ቟ߟ߆න◲ߦ߼ߚࠆ
ࡠࠢߥ⏕ᱜ߿〝࿁ᱛ㒐ࠣࡦ࡝࠲ࡖ࠴ࠆߥߣⷐᔅߢ〝࿁ℂ⺰
DEL㧘ߡߒ㑐ߦἮὐߩDEL㧘ߚ߹㧚ࠆߔ૞⵾ࠍ〝࿁↢⊒ࠢ࠶
ᄙ߇⸘⸳〝࿁ߚ޿↪ࠍℂ⺰⽶߿ᐨ㗅⛯ធߩ᛫ᛶ㒢೙ᵹ㔚ߣ
㧘ߦࠄߐ㧚޿ߚ߈޿ߡߒടㅊ߽ߡ޿ߟߦὐࠆ޿ߡࠇߐ↪೑ߊ
ࠆ޽߇CI ߥ㔍࿎ߣCI ߥᤃኈߩᚻ౉ߪߦCI ࠆ޿ߡࠇߐ⽼Ꮢ
 㧚ࠆ޽ߢቯ੍ࠆߔ⸛ᬌࠍ᧚ᢎߛࠎㄟࠅ⋓ࠍኈౝߩߤߥ↱ℂ
 
 㧕ઃฃᣣ12 ᦬9 ᐕ42 ᚑᐔ㧔
 㧕ℂฃᣣ7 ᦬11 ᐕ42 ᚑᐔ㧔
 ₂ᢥ⠨ෳ
࠶ࡃ࡯࡞ࡉ  㧘̍㐷౉࠲࡯࡟ࡘࡒࠪ〝࿁ሶ㔚 㧦̌⡸⮮ട )1(
 )0102( ࠬࠢ
⹏ⴚᛛ  㧘̍ᧄၮߣߺߊߒߩ〝࿁࡞࠲ࠫ࠺ 㧦̌↵㦖ፃዊ )2(
 )7002( ␠⺰
－ 43 －
